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(54) METHOD FOR CONTINUOUSLY MANUFACTURING POLYAMIDE RESIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a transition metal 
compound- containing polyamide (polyamide resin composition) of high qualities having excellent 
oxygen-absorbing performances with high productivity while suppressing gelation in a 
polymerization step. 

SOLUTION: The method for continuously manufacturing a polyamide resin composition 
comprises a continuous manufacturing process comprising a step for preparing a raw material, 
an amidation step, an initial polymerization step and a latter polymerization step, where the 
supply accuracy C/A (in a molar ratio) of a dicarboxylic acid (C) and a diamine (A) from the step 
for preparing a raw material to the amidation step is 0.975-1.025 and introduction of a transition 
metal compound into the polyamide resin and adjustment by an acid anhydride of the 
composition ratio CEG/AEG of a carboxylic end group (CEG) to an amino end group (AEG) are 
carried out in the latter polymerization step. 
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Partial Translation of JP 2003-252986 

[Scope of Claims] 

1. A method for continuously producing a polyamide 
resin composition, comprising a continuous production 
process comprising a raw material blending step, an 
amidation step, an initial polymerization step and a late 
polymerization step, 

being characterized in that a supply accuracy C/A 
(in a molar ratio) of a dicarboxylic acid (C) and a 
diamine (A) from the raw material blending step to the 
amidation step is from 0.975 to 1.025 and an introduction 
of a transition metal compound into a polyamide resin and 
an adjustment by an acid anhydride of a composition ratio 
CEG/AEG of a carboxylic end group (CEG) to an amino end 
group (AEG) are performed in the late polymerization step. 

2. The method for continuously producing the 
polyamide resin composition according to Claim 1, being 
characterized in that the polyamide resin composition 
comprises a polyamide resin in which 40% by mol or more of 
a diamine component is occupied by m-xylylene diamine 
(MXD) , a transition metal compound, a phosphorus compound 
and an alkali metal compound; a molar ratio P/M of a metal 
atom (M) of the transition metal compound to a phosphorus 
atom (P) of the phosphorus compound is 2 or less; and a 
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content of the alkali metal compound is 100 ppm or less in 
terms of a metal atom. 

[0009] 

[Mode for Carrying Out the Invention] 

Hereinafter, the present invention will be described 

in detail. The term '"continuous production process" as 
used herein denotes a production process which contains a 
raw material blending step, an amidation step, an initial 
polymerization step and a late polymerization step, in 
which the raw material blending step, the amidation step, 
the initial polymerization step and the late 
polymerization step are performed in respective 
apparatuses which are connected with one another such that 
a disposed material from an apparatus of a former step 
becomes a feed for an apparatus of a latter step and, then, 
production of from the raw material preparation to a final 
product (polyamide resin composition to be targeted) is 
continuously performed. A flow-sheet of the continuous 
production process is shown in FIG. 1. Hereinafter, 
respective steps of the process will be described in 
detail. 

[0010] (1) Raw material blending step 



2 



A raw material blending step contains a melting tank, 
a storage tank and a raw material supply pump for each of 
a dicarboxylic acid and a diamine. Since the dicarboxylic 
acid is a solid, there are a melting tank 1 and a storage 
tank 2 for the melted carboxylic acid. Since m-xylene 
diamine among diamines is a substance having a low melting 
point, a storage tank 3 is only necessary; however, a 
melting tank is sometimes necessary depending on types of 
diamines . 
[0011] 

The dicarboxylic acid and diamine are each used by 
being melted without being in a state of an aqueous 
solution. For this account, it becomes unnecessary to use 
an aqueous solvent. It is appropriate that a 
melting/storage temperature of the dicarboxylic acid is 
from a melting point of the dicarboxylic acid to the 
melting point plus 20°C. When the melting/storage 
temperature is within this range, thermal degradation or 
thermal decomposition of the diamine scarcely occurs and a 
uniform melting is performed and, then, supply accuracy of 
the raw material to the next step is enhanced. Further, 
with reference to the storage temperature of the diamine, 
when the diamine becomes a liquid at room temperature, the 
storage temperature of the diamine is preferably the 
temperature of the liquid and, when the diamine is melted, 
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the storage temperature of the diamine is preferably a 
temperature of from a melting point of the diamine to the 
melting point plus 40°C. When the storage temperature is 
within this range, in a same manner as in the dicarboxylic 
acid, the thermal degradation or the thermal decomposition 
scarcely occurs and the supply accuracy of the raw 
material is also enhanced. 
[0012] 

When two types or more of the dicarboxylic acid or 
the diamine are used, as for melting/storage tanks, 
individual melting/storage tanks are blended or two types 
of dicarboxylic acid or diamine are previously mixed to 
have a predetermined copolymer ization ratio therebetween. 
It is preferable that any raw material is kept in an inert 
gas atmosphere, for example, in a nitrogen atmosphere, for 
the purpose of suppressing a thermal oxidative 
de compo s i t i on . 
[0013] 

The dicarboxylic acid and the diamine thus adjusted 
are quantitatively supplied to an amidation step by raw 
material supply pumps 4 and 5, respectively. On this 
point, it is important that the supply accuracy (molar 
ratio) of both raw materials to the amidation step is 
adjusted as close to 1:1 as possible. It is necessary 
that a molar ratio (C/A) of the dicarboxylic acid (C) to 
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the diamine (A) is at least from 0.975 to 1.025. When the 
molar ratio comes out of this range, it becomes not only 
extremely difficult to control the reactions in the 
amidation step, initial and late polymerization steps, but 
also, depending on occasions, it becomes difficult to 
allow a final polymerization degree of the amide resin to 
reach a targeted polymerization degree. The molar ratio 
(C/A) is preferably from 0.980 to 1.020 and, more 
preferably, from 0.985 to 1.015. Further, it is 
preferable that plunger pumps are used for the raw 
material supply pumps 4 and 5. 
[0014] 

According to the invention, a final targeted 
polymerization degree of polyamide is a polymerization 
degree in which a relative viscosity thereof at 20°C at 
the time of melting sulfuric acid as a solvent is from 
1.75 to 3.5 and, preferably, from 1.8 to 3.0. Further, 
the relative viscosity is a viscosity of a polyamide resin 
composition to be finally obtained via the late 
polymerization step. When the relative viscosity is less 
than 1.75, the polyamide resin has a low mechanical 
strength, while, when the relative viscosity is more than 
3.5, in order to obtain such high viscosity, it is 
necessary to prolong a polymerization period of time in 
the subsequent amidation step and thereafter and, for this 
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account, coloration or deterioration of the polymer is 
generated. Still further, the polyamide resin having a 
relative viscosity of more than 3.5 tends to cause a 
gelation at the time of processing or forming. 

[0020] (2) Amidation step 

An amidation step is a step for obtaining a low 
polymer by allowing a diamine and dicarboxylic acid to be 
continuously supplied from a raw material blending step to 
be subjected to a polycondensation reaction. As for an 
apparatus 6 to be used in this step, that of a pipe 
reactor method, a static mixer method, a continuous 
vertical type stirring tank method or the like can be 
mentioned. Among these apparatuses, that of the pipe 
reactor method is preferred. The apparatus of the pipe 
reactor method has advantages in that, for example, from 
constitutional features, it is not necessary to perform a 
liquid surface control, a pressure resistance is excellent 
and an apparatus cost is low. 

[0021] 

Although reaction conditions in the amidation step 
vary depending on a structure, a polymerization degree or 
the like of a polyamide resin to be finally produced, they 
are, ordinarily, such that an inner temperature is 
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desirably from 110 to 300°C, an inner pressure is from 0 
to 1 MPa, a retention period of time in the pipe is 
preferably from 5 to 120 minutes. When the reaction 
conditions come out of these ranges, the polymerization 
degree of the low polymer to be obtained comes to be 
unduly low, or the thermal degradation of the polymer or a 
sharp increase of the apparatus cost is invited. As for 
more desirable reaction conditions, the inner temperature 
is from 120 to 290°C and, more desirably, from 130 to 
280°C; the inner pressure is from 0 to 0.9 MPa and, more 
desirably, from 0 to 0.8 MPa; and the retention period of 
time is from 10 to 110 minutes and, more desirably, from 
15 to 100 minutes. 
[0022] 

The dicarboxylic acid and the diamine supplied from 
the raw material blending step are subjected to a 
polycondensation reaction in the apparatus 6, to thereby 
form a low polymer in which a polymerization degree in 
terms of relative viscosity is from 1.20 to 1.80 and, more 
preferably, from 1.25 to 1.80. The relative viscosity at 
this point means that at 20°C at the time of melting 
sulfuric acid as a solvent. Control of the polymerization 
degree of such low polymer can be performed by adjusting 
the above-described inner temperature, the inner pressure 
and the retention period of time. Further, control of the 
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retention period of time can be performed by changing 
supply quantities of raw materials, or changing a pipe 
diameter, a pipe length or the like when a pipe reactor is 
employed . 

[0023] (3) Initial polymerization step 

The initial polymerization step is a step for 
enhancing a polymerization degree of a polymer by 
evaporating condensed water in the polymer (low polymer) 
obtained via amidation step or water used in adjusting a 
salt concentration. On this point, the polymerization 
degree of the polymer (polyamide) is allowed to be in the 
range of, in terms of relative viscosity, from 1.50 to 
2.10 and, preferably, from 1.60 to 2.05. When the 
relative viscosity is less than 1.50, the polymerization 
degree is unduly low and a load in the subsequent step 
becomes large, while, when the relative viscosity is more 
than 2.10, in order to obtain such a high viscosity, the 
retention period of time in an reaction apparatus (tank) 
comes to be unduly long and, then, gelation or thermal 
degradation tends to occur. Further, the above-described 
relative viscosity is a relative viscosity at 20°C at the 
time of melting sulfuric acid as a solvent. 

[0024] 

As for apparatuses 7 to be used in the initial 
polymerization step, a vertical type stirring tank, a 



8 



centrifugal thin film type evaporator and the like can be 
described. Among these apparatuses, the vertical type 
stirring tank which is convenient in controlling reaction 
conditions is preferred. 
[0025] 

As for reaction conditions in the initial 
polymerization step, the inner temperature is, desirably, 
a melting point of polyamide (polymer) plus 40°C or less, 
more desirably the melting point plus 35°C or less and, 
particularly desirably, the melting point plus 30°C or 
less with a lower limit being the melting point of the 
polyamide resin; the inner pressure is, desirably, from 0 
to 1 MPa, more desirably from 0 to 0.9 MPa and, 
particularly desirably, from 0 to 0.8 MPa; and the 
retention period of time is desirably from 10 to 150 
minutes, more desirably from 15 to 140 minutes and, 
particularly desirably, from 20 to 130 minutes. When the 
reaction conditions are within these ranges, the polymer 
having a targeted polymerization degree can easily be 
obtained, thermal degradation of the polymer scarcely 
occurs and, then, productivity is improved. The 
polymerization degree of the polymer to be produced in 
this step can be controlled by changing the inner 
temperature, the inner pressure and the retention period 
of time. 



9 



[0026] (4) Late polymerization step 

In the late polymerization step, a polymerization 
degree of the polymer (polyamide) obtained via the initial 
polymerization step can be increased up to a desired final 
polymerization degree and, at the same time, a transition 
metal compound is added to the polymer and a CEG/AEG 
(molar ratio) of the composition, namely, a carboxylic end 
group (CEG) and an amine end group (AEG) is adjusted to be 
in a desired value. 

As for apparatuses 8 to be used in this step, a 
twin-screw extruder, a single-screw extruder or the like 
can be used. Among other things, the twin-screw extruder 
which is excellent in kneading performance and easy in 
controlling the reaction or in adjusting the end group is 
preferred. 

[0027] 

Although reaction conditions in the late 
polymerization step vary depending on a structure or a 
polymerization degree of a targeted final polyamide resin 
and the CEG/AEG, it is preferable that a resin temperature 
in the step is from a melting point of a polyamide resin 
to the melting point of the polyamide resin plus 50°C; a 
vent vacuum degree is from 1 to 750 hPa; and a retention 
period of time is from 1 to 30 minutes. When the reaction 
is performed within these reaction conditions, the 
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polyamide resin having a desired polymerization degree and 
a CEG/AEG (molar ratio) can easily be obtained and, 
further, the thermal degradation or generation of a 
tertiary nitrogen can be suppressed, to thereby enhance 
the productivity. As for more desirable conditions, the 
resin temperature is from the melting point of the 
polyamide resin to the melting point of the polyamide 
resin plus 45°C; the vacuum degree is from 1 to 700 hPa; 
and the retention period of time is from 15 to 25 minutes 
(particularly desirably from 2 to 20 minutes) . Control of 
the polymerization degree of the polymer in this step can 
be performed by changing the resin temperature, the vent 
vacuum degree, a screw rotation number and the retention 
period of time. 

[0033] 

According to the method of the invention, a 
production time required from a start of loading of the 
raw material to the amidation step to taking out of the 
polymer (polyamide resin composition) is ordinarily from 
300 to 30 minutes and preferably from 70 to 40 minutes. 
In such a short period of time as described above, the 
polyamide resin composition of high polymer having an 
excellent oxygen absorbing performance can be obtained. 
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Further, the polyamide resin composition of high quality 
in which an amount of a residue left inside the apparatus 
in a polymerization process is small; the residue is not 
allowed to gelate by a thermal history; an amount of a 
foreign matter is small; and gelation scarcely occurs even 
when heated at the processing/forming process can be 
obtained. 
[0034] 

The production method according to the invention can 
be applied to the production of various types of 
polyamides and is preferably used for production of a 
polyamide resin in which at least 40% by mol of the 
diamine component is occupied by m-xylylene diamine 
(hereinafter, referred to also as "MXD") . Namely, the 
polyamide resin in which MXD in the diamine component is 
40% by mol or more tends to gelate and such gelation can 
sufficiently be suppressed. 
[0035] 

Further, examples of other diamine components than 
MXD in the polyamide resin in which MXD in the diamine 
component is 4 0% by mol or more of the diamine component 
is occupied by MXD include aliphatic diamines such as 
ethylene diamine, 1 , 2-propylene diamine, trimethylene 
diamine, tetramethylene diamine, pentamethylene diamine, 
octamethylene diamine, nonamethylene diamine and 
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decamethylene diamine; alicyclic diamines such as 
cyclohexane diamine, bis ( 4-aminocyclohexyl ) methane; and 
aromatic diamines such as p-xylylene diamine. Other 
diamine components than the MXD may be used either each 
singly or in combinations of two types or more at given 
ratios and can be used in the range of less than 60% by 
mol in an entire diamine component. 
[0036] 

Examples of the dicarboxylic acids include aliphatic 
dicarboxylic acids such as adipic acid, sebacic acid, 
malonic acid, succinic acid, glutaric acid, pimelic acid, 
suberic acid, azelaic acid, undecanoic acid, undecanedioic 
acid, dodecanedioic acid and a dimer acid; alicyclic 
dicarboxylic acids such as 1, 4-cyclohexane dicarboxylic 
acid; and aromatic dicarboxylic acids such as terephthalic 
acid, isophthalic acid, phthalic acid, xylylene 
dicarboxylic acid and naphthalene dicarboxylic acid. 
Among these dicarboxylic acids, adipic acid (hereinafter, 
referred to also as "AA") , sebacic acid (hereinafter, 
referred to also as "SA") and isophthalic acid 
(hereinafter, referred to also as "IPA") are preferred. 
The dicarboxylic acid components can be used either each 
singly or in combinations of two types or more at given 
ratios. When two types or more thereof are used in 
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combinations, any two types or three types selected from 
among AA, SA and IPA are preferably used. 

[0055] 
EXAMPLE 1 

In a continuous production process of a polyamide 
resin as shown in FIG. 1, an AA mixture in which 0.87 6 g 
of sodium hypophosphi te and 0.183 g of sodium acetate were 
dissolved in adipic acid (AA) which had been melted at 
170°C, and m-xylene diamine (MXD) which had been heated at 
60°C were quantitatively supplied to an amidation step 
containing a pipe reactor having a pipe diameter of 20A 
and a pipe length of 13.5 m via plunger pump at supply 
quantities of 3039 g/hr and 2828 g/hr, respectively (raw 
material blending step) . 
[0056] 

The amidation step was performed while an inner 
temperature was controlled to be at from 170°C to 240°C, an 
inner pressure at 0.15 MPa and a retention period of time 
in 50 minutes. 
[0057] 

A low polymer produced in the amidation step was 
continuously supplied to an initial polymerization step 
containing a vertical type stirring tank and allowed to be 
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retained in 60 minutes therein under reaction conditions 
that an inner temperature was controlled to be at 265°C 
and an inner pressure at 0.15 MPa, to thereby allow the 
low polymer to have a higher polymerization degree 
(initial polymerization step) . 
[0058] 

The polymer subjected to the initial polymerization 
step was continuously supplied to a twin-screw extruder 
(trade name: TEM-37BS; manufactured by Toshiba Machine Co., 
Ltd.) in which the resin temperature was controlled to be 
at 2 65°C / the vent vacuum degree at 660 hPa and the screw 
rotation number at 100 rpm. Addition of a Co compound and 
adjustment of the CEG/AEG by adding an acid anhydride 
compound were quantitatively performed through a feeder 4 
minutes after such supply of the polymer. The retention 
period of time in the twin-screw extruder was about 7 
minutes. The polymer thus obtained was ejected in water 
in a strand state and, then, cut into a chip state. The 
resultant polymer in chip state is hereinafter referred to 
also as a polyamide resin composition A (late 
polymerization step) . 
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■COfi-a-i^WSrJK Lftitttlfftf>T, ^©fc«>K#y 

3. 5?:gi5!)f!)7; KttMlBJOI, J$J&«$K1S^X 
yMk^iec:t)-^1-<ft5. 

[0 0 15] SRJRttftelgfcfc^T* #!l7 5m 

w&f&mt lx, rMv&wk&vo&xwj >iti?v>> 

>lc^t-C2 0S*%«T, »*L<ttl 8a*%UAT 
T'feSo 

[0 0 16] TWJ&mit&tob LTtt, T;i-*y^ 
^ife^) *J±tf-tilfe©*iFPtt % 7^* !1 £JR©*8frft 

fty^^A^) % ftsw-M g^g?^hy • 3 
mk*\) ^y^-^A • 2 7Kfp^*5* 

Iffctl, ft^Tt>, JSfeffiy >«7 h y ?A:}o,fctM:©7k 

si*. *iMb+ h y <> a, *iwt* y ifih- h y 

©-fk-a-^^efffltx-bi^o 

[0 0 17] 7^*yAJMk^©ttffl*|4, ^JR^ 
iLT^yz? K^fll^l OOppmyTWiK, 
9 0 p pmWiDSSK, t*»fc»tff*L<l4 8 

o P P m«TT**5 0 Tfrjjy&mfc&voomtf&mm 

^iLTl OOppm^x.5^ ^y7 5 KmJli©^ 

t\ THtt5ppm£Jl±as»4L<, $f>lC»S 

t<!48 p P m»lt'fe5 s 
[0 0 18] y >it-&®) t LXit. tztz.ti, y>^, 

isfesy y^fcj;^©^^^^. y^-"?A N 

7M£A, *y^A©^ s >KioJ;tl J ^:©7 

ft*»-ct, ffiy>-^, ftffiy:^ N !!fcffiy>-gf 

*»l«*fcli2a»±©ft:#««:#fflLT(>J:v\ ft 

4o\ mu<n7>\<i} y-kmit^vot txukwj 



5 

&sy >^>7^# y&sii£<£ffl-f 

[0019] y Xk^o^fflaii, y 7 5 k» 
jgfcy ^js^- (p) t«j*©a»is-&ie-caaip-r« 
i -s # y t ^ funs* 

< fcfttf & s »a ^BHi»iR«*«fiT-r z>i>K y visit- t 
a^«K**©K^&p/M#2«T^*>*iii, mm 

KfctBfc* t < »»*-f , y >^4fe©8Upfc J: 5 * y 

JST-Jttt l . 9«T, $felciJL<lii. 8»Tf* 
5 0 -*fi-^SJ^ffiit©®^*^, P/MfiO. l£Ub 
*«#*b<, $P>IC^SL<«0. 2$X±XhZ>„ 
[0 020] 07 5 K-ffcl® 

/^yDr^^-Mcfc©^ *?7^ ^ 5*-y— # 

[0 0 2 1 ] 75 YitlMX'<DR^W\-i. M%k&i\m 

i§n^!i7; vmmv>mm j $>m&m%\c±^xt>m% 
mm, a*L<ttrtffla«i i o~3 o ot ( f*ije 

i 5 0~lMPa> ■fftffi&mmiWt. L < fi 5 - 1 

fi, 120-29 Ot:, L< lil 3 0~ 

2 8 0t, ftE^O — 0. 9MPa > MfcM^L<«0 
-0. 8MPa, JffffBSffljJS 1 0 ~ 1 1 0$h SlCg£ 
L<lil 5-1 0 0#T*fc5„ 

[002 2] ®»»&ie*»e)WI&$*tfci?*/l^#^» 
i -^7 5 8K6rt-CS»&Rj£:L-t\ tatt^ST* 
^-ffi-&&#, #4b<fil . 2 0-1. 8 0, ££>£ 

»*u<tti. 25~i. 8 oofta-a^ijBriii-s. 
zzx-tomMttimmmcmmz&m 2 orT-^ts 

7*y 7**-£<£ffl1-54§£tt*<D'->V7'&, /^^ 
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6 

:S£^ffc£-£5 r £ let oTfi ? r £#-C# S n 
[00 23] ©MUS^Ig 

K^»a-a-xgii, 75 Y\\LTM*m.xnbhtz, a-g- 

K) ©S-e-Sfi, ft*ftt«#i. 5 0-2. 1 0, 
t<lii. 60-2. 0 SiftSipK-tS, flx-WiS 

#1. 5o*itu tt^**«tet-r5fc»t>fc*ie-e 
10 <&5o 2. I0<k!>* 

tv^ir, -t©i5 4t>©Sr#5Jctt, R£R« Of) ft 
< ft 9 1" t\ VMt*?®&\t1>m r 9 ^ 

[0024] SK^fflS-a-Ig-Cttffli-SKfil 7 tt, IK 

saw* , ft-mm&mmkte t*zmfz ztxts. 
[0025] aa«a»!a-e-isjc*j»tsR«;*fl=tt, ft 

20 g^L<li WD75 K (M&m 

■C) EAT, 3Etca*b<Ji (SI^+3 5t) UT. ¥f 
tSa*U<tt (KftS+3 0t) «Tt*fc9s TRtt* 

y 7 5 K»jjg©»^-e4>«. rtffiii, l < n 0 - 1 

MPa, JEtca* L< Ii0~0. 9MPaT'fo<9, 
4L<(iO~0. 8MPaT*fet3, »9«FWI4, L 
<I410~150#\ t<Jil 5- 1 4 0 

^, #icSSL<«2 0~l 3 0^T'fcS„ RJE*## 

[0026] ®'i£Mm&j:n 

fi-g^ WD75 K) ©a-&i£SrBfatt<5**l©S-& 

ft'&ftSraaiO'tStitl^ *jS*^jR*->^S (CE 
G) t*«7 5 7l (AEG) ©fi^CEG/AEG 

40 %>WtHm 8 i: LTIi, fcif# 

[0027] &mm&T.m<D%.fo0kw\*, smt-tzm 

GtioTtHftS^ ie«f©tt»Jlgift«l4 WV75 
KitffiOiRjft) ~ (^y7 5 mife<DM&+5 Ot) , 
'O 1 - 7 5 0 h P a , $S^Fffi» 1-30 

»±, MS-t5fi-&S*iJ;t7CEG/'AEG (*/UJt) 



7 

W^7; V®m<DM&+ 4 5 1:) , JC££# 1-70 
OhPa, fSWl. 5-2 5# (#Kg£L<li 

2~2o») T*fo5 0 zoxmx'tDm^om-^mcom 

[00 28] m®&mit&®k LX Ji, gf®, 7*d t"* 

*^n^ #7^/1^, 7?yv 
^i.^->m, xTTv^wt. 

[0029] &*Ktttg0%$£tt-r&3&&Jl®&S 
fl tt g ft 1 1 5 ffl i£ * v * * 7 W 7 { c J; o T g 4 -5 ri* , 
^JRH^t LTxKyT^ Kfi»*fLT5 0-5 0, 0 
OOppmt'fcS, 5 0 p p m*»TflttJWa 

0, OOOppmilrigtS^, #D7Um©^k?r 

9-fS»&*s&*. ffiU^ltttB8 0~4 0, 
OOOppm, $P>fC^^L<lil 0 0-3 5, 0 00 
p pm~Cfc5 0 

[0 0 3 0] *56KIC*J^T, 5R«i*/U^^f^PaE (C 
EG) t*S7?/S (AEG) COlfi^CEG/AEG 

(*/Ht) ©ISSfi, **7 5/S*tt?W©j$!iqU:J;!> 
*t5©;W£L<, *ffi7 5:/S (AEG) <tKj£t£© 

o^7K7^^g5, SS^?^,^ to* |s y ^ y ._y 

/AEG(CioXt,^^2.j5\ AEG<D0. 5{g^fi~ 
2«a**«a*LV\ 0. 5ffiF3fcfe«-Ctt, CEG/ 
A EGirai$©»*-^tt«:**fttf'>fcf 2 

[0031] tm*it&m<DfflBtt. &mm<£tTM<D® 
mxh, R&fxi>, mmmi%<D^-fi\X'i>?T^z.z> 

[00 3 2] #3PJIC:}o^T, ffSL^CEG/AEG 
14 1. 2yit'Jb5 0 CEG/AEG£l. 2U±tt 



(5) «ffl 2 0 0 3 - 2 5 2 9 8 6 

8 

U^CEG/AEGttl. 3^±T*fc5o ±Hltt4&fclS 

mztitew*. #£L<iii ooyi< J5le#£L<tt 

9 0J^T-C*>S„ 

[0 0 3 3] *%W<Djjmc£fltt, I?f07? Kfcl 
S^©»AM*&*» feJif y (# y 7 5 KMUUftfe) 
©*9ab*-eicK-J-5»Jti*BBttv il®3 0 0-3 0 
ML<H2 70~40»t^!) > frfrSfittH 

10 ©«g^/>^< % m&va&mmm&$iirtx#Mki-z> 

[0034] *&m<Dmmjm\*. <d# 9 7 $ k© 
7) frbt£ZtfVT$\?®m<DMmiz.Rmx'hz 0 -r/i 

i?T% ^5>tCiolt5MXD^4 0*^%£j(i:© 

20 WJT*t5„ 

[00 3 5] /i4b\ 5 4 0 ^%£l± 

^MXD^^/iS^yT? Ktttflglifcft 5 M X D uk<d 

i, 2-/0^1/^7^, Ml^f i/y-^^y, 
^fu^7 5 V, -^^fl/^7^, 

30 75 V, t-*(4-7 5: /v^n^drv-yu)^^^^! 
7 5 V^^^Jf £,tt3„ Ss^MXD^CDv 5 7 5>^ 

is, *3ft-c«Effi lt t> 2 mu±^M^m^xm^t> 

[00 3 6] 5>#>Utf ^fcfjfcat LTI4, «ittt. 7v? 
t'>m. tA-»S, vd^, 
^, tV !) >®> 7-^7^ [J'V^* 

40 m&<Dmit)i&i?jJ;l'#>'WZ ; 1, 4 - o^-df-y-^v? 

ns„ 7-^f>ift (J^T, AAirt^ 

5) . ir^<-»g? (WT, SAH^9) , -fy7^/w 
K (WT, IPAH^?) /5W4Li\ 

^-f^ia^^T-UffltTt 2ffi^± 

^M^-&fc-frTffiffl1--5g-&, AA, SAfciUtlPA 
50 © [ P^e>jStfti5v^-fti^2St. t< JirtlP) 3«?rffl 



[00 3 7] ±i5vT 5: *i>tf 
[00 3 8] 

[ mmm] &{c*$g mm& «t ittbaw tf -ck 

[003 9] (1) W&&m^ T/WJ&m&ZTf}) > 

RflS-4W*U 6mo l/L*BfSrJni-CSI»ftB-r 
5„ 1. 2mo 1 /UttTCWBU AiRffi (*) 
SJICPS-2000 £(£ffl LT I C PB3tMfet i 

[0040] [T/w* y &jg©£*] mm* 

tCTKflS-^KU 6mo I /LtfQftfcAlit-rftJBttB 
•f5o 1 • 2mol/L 

as 



**yir#* 

Et>fclW&, SftBlftftftftt, 2 B l o BMi 
©MWMr*k0S1-. *i fcSHURiMBtt. 2 0 rt l 
0 0 BQ«>9l)HI»ftClft«:# 0 7 * KMB&j&lfe 1 g 3 

[0043] (3) TKyr? K*fjg*sj:tM?y 75 k» 
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* (W) SAA-6 4 0—1 2JK*«btffl££«*ttJBL 
T£*-f5 e 

[0041] [ y xDfem'} txm*fm • sbm;*** 
-caaawKu y ^ly^^-r^ o^i mo i 
/LaswsKf -c* y ^7 f >K*tRj©$-e:T y y 

^fn*y t©8 3 0 nm©M5rSiS!#i (#0 
SSUV - l 5 0-0 2R#3fcflf*H?»IJ£. Jtfe^4-r 

10 [0 0 4 2] (2) BK*«tttt 

l 0 v m Ict&lfc Lfc# y T 5 KtttffiJHrtto 3gt 
7k3m I Sr I 2 0ml /^ivMSKlAftv' y a^y^ 
>-C«HU 2 5*C©fiffl|t •t'fclHB-rs. 2Bi, # 
h>y ^v^ffil^TO. 5 m I <DftU#X&&m 
U S*Mf^M («) 8^D7h^77GC-8A 
£(£ffl L-Ctt*9M5l*t»l3ti-5 0 8£sSf$gligstSc*f 

fNi£TF©i:fc»>-C*>3. 

U A»»^ * 

tU3fa7— >-/^13XS 02. 6mmX3m 
ttAPfci^ffiSf 6 or 
30*C 

TCD 
1 0 OmA 

>StWO. 2 g|C'<>y;U7;l'3-;H Om 1 1 
8 0±5"C^T5^WC*«¥$*5. *W***«t«teT 

1 5#^*pl, y*/-/i>7? \sy*m^mt LT 1 

30 [0044] 



U&l] 



C EG (meq/kg) = 



(A — B) XNX £ 



1 O' 



[004 5] A : (m 1 ) 

b :imi>-75>9mfcm (m 1 ) 

N : :E*/-/H4*IMb#y (mo I /L) 

w : tms* 

[004 6] (4) tfyTS KiHM8JtlM?J> T$ K#J 40 [&2] 

mm^<D a e gsw y 7 ^ vmm ★ 

(A— B) XNX f 

AEG (meq/kg) = 



WX 10 0 0 

1) 5 0 m I L, ;-,v mWcZ/ 

2) 2 0mlSrADx, fg^H* u-^fcJn*., 1 

[0 0 4 7] 



[0 0 4 8] A iffifem (ml) 
B : 8«t©77>*i»£S (m I ) 
N : i^/-/H41MS (mo I /L) 
f : x^/-;l/ftiS©77^- 

w : mmm 

[0 0 4 9] zKy75 Kt 



WX 10 0 0 



1 o' 



&m\z.mLitm.mm (o stul^i^,, 

[0 0 5 0] 
[&3] 
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AEG (meq/kg) = 



(7) 



(A-B) XNX f 



2 00 3-2 5 2 9 8 6 
12 



1 0' -C 



[00 5 1 ] C : m®&m<Dm*ffim (me q/k g) 
[0 0 5 2] (5) #y75 h'mftteXXMDTi. Ktt 

iiiEj£to®4B*tttA (Rv) »ay^ 

# y t 5 tombs fci±# y r % vw&mam o . 2 5 g 

ft 9 6%©fi!tg! Ogft) 2 5ml »C*»LTlW**t 
Lfc. &ffcft&fl£ 1 0 m J ft 2 OtT^* h 7 Kftft 

JfcU TE£J:*)tt*t*;« (Rv) ft#J63 0 
[0053] Rv=t/to 

rat, t o \mm<Df&T®m. t i±im^^©^T# 

[0 0 5 4] (6) y/Wk^FW 

^»#J 2 0ml (DVmZ \Z 1 0 Ott 2 4 $||Q# 

3 0m]/^It^«UA5^ 2 6 0*0 

MM)** Uffi&SHHBjRfcfrfc o fc„ 

i LT, d»A»5JPfMaa LfclftftO . 2 5 g ft 9 6 %B 
g&2 5m 1 IC^MTl 6«FK*<!f Ufcl*. 7««ft«B 

a*t<, 8. 5i*mB±a«#ica*uv\ 

[00 5 5] HJ&0!l 1 
V^T, 1 7 O t CT*@glitfcTvfc°^®? (AA) lC, 0. 

8 7 6 goftiey ^y-yfcitfo. i8 3 g ^ 

7 h y ?Aftigfl?LfcAA&-g-$)ft3 0 3 9 g/h r <D 
W£AX\ 6 0X:\Zl)mLtct?3c^uyi?Tx> (M 
XD) ft 2 8 2 8 g/h r (Di«&i;T\ /<-f :/£ 2 0 
A, 5mC0/^7"y 7* 5 7 

5 K^ig-T'^^vt-^^yftaL-c^m^tfc 



D 



2 4 0 
5 0 



m 40 



[005 6] T 5 hMtlSli. rtfitf 1 7 Or 
*C, rtffi^O. 1 5MPa|C#J»$n, 

[0057] 7? wtxnx'±tfii,tz&m£m*m 

6 5U l^ffO. 1 5 M P a \Cfflffl £ tltzRfc&ftTX 
6 0#|B]WSi*-H\ Kfi-g-S^ftlTft ofc (iDJBfi'&l 

[00 5 8] vjmmGxM&mtLM&ft wje&& 2 

6 5t, hK£®6 6 0 h P a , U »HaH6ft 
1 00 r pmlcffl»$ftfc*£«* («) ITEM-3 

7 B S ¥ mmW& Lfc„ Co fc-frfc© fctiO 

a xxftemMtsmcxzc eg /AEGommt, m 



Lx^yr^ k 

O, PftMigL 



wx 10 0 0 

[0059] mmm 2-9 

m^mw. l> his^j i ©»£*#[. 

10 Wfllffi/dUbH. J. K, L, M, N, 

[0060] mmm 1 0 

1 7 otfi^LfcAAKi 1 . Sgoftiy^y- 

*\ 1. 5 g ©SUM" Ml ^Aft^L/cAAjg£#jft 
4 7 6 4 g/hr©i|&it > 6 Ot^CjPff&LfcMXD 
ft4428g/hr 5 KftlS-*£*0W& 

tfc 0 t* 5 Kftis, *o»a£-ia* mmm^xwit, 

»«l*Wft-t*b-p*l3 0^ 5 5#. 6#<kLf;:&W 
20 ft#fc„ 

[0061] mmm 11-12 
o#£u hi&mi {c^cTiSitftffvN^yr? kwji 

[0 0 6 2] tmm 1*5*^2 

C/Aft0. 9 7 5-1. 0 2 5<£>©Bfl-t tfctt^ 

1 *j«t02<D7Ky 75 K»jiafirit«D*ij:tJ«Ett, 
30 m&xn, «»fi-&is©»9i^Mft, ztL^ne 0 

[006 3] itlJ^J 3 
#nJ±5£EJ&SiC 1 4 6 1 4&5GDAA, 13 6 1 9 %$<DM 

xd, i6. 8 6$><D]kW}) >my-y, 2. 23&CD 

zkHfl:-^ hy^A*JJ;t/2310 O^TKfttti^^ S 

rtft+^a*a«ufc. s^rtft?gHt, 4 5#fflx 

Ks\>ry h?SAft2 7 5"C*-efffflLfc„ gFty±ftlM 
Pa(CpJ±tT, *fi#ft«V^4^P>R*Sft«»tfc 0 R 
J^ffiAl47K©gtbt t t>JC±^L, #fi^*&*>e> 2 7 0 
^T-2 4 O'CS-CigLfc. i©Nf^-e»JEftH!*6U, 6 
0 »WC«J3E t Ltc 0 Z <Dffl\C&fcffi.m-i 2 6 0t*f 
±#tfc 0 |5]rfiAT-MIC6 o^R^ft^ttfcm, rt^ 

^ft^ h7> K^rvjccp^tttmL^y 75 Kmum^ 

F ft#fc„ 

[0 0 6 4] itgf^j4 

^2(c,T;-r^, 8s;&P#JI^MU ^©ffililt^ 
0iJ 3 t [SI^JC LT/K y 7 5 K*M&!Bj$4fe I ft#fc. 

[0065] u-kom&mtsxrjitmMkzionz^ 



(8) 



-To 



13 
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[0 0 6 6] 
1*1 J 





arsi 


m m 




(nrj 


&$H2ft 
(maol) 








C/A 




C KG 


AEG 






\ mm 




»*> 




(Rv) 


(ceq/kg) 


(neq/kg) 




A 


AA 


100 


MXD 




00 


1 


2.27 


68 


63 


13.5 


0.25 


117 


gSKWll 


B 


AA 


100 


MXD 




LOO 


1.005 


2.24 


70 


67 


13 


0.35 


132 






AA 


100 


MXD 




lM 


0.995 


U& 


65 


73 


15 


0.18 


132 




I D 


AA 


100 


MXD 


J 


100 


1.035 


1.67 


103 


95 


>20 


<0.01 


158 


Mj trail 




AA 


100 


MXD 




100 


0.965 


1.7 


91 


100 


>20 


0.13 


158 




F 


AA 


100 


MXD 




00 


I 1 


2.26 


63 


59 


6.0 


0.08 


435 




6 


AA 


100 


MXD 




00 


1 


2.33 


61 


53 


14 




91 




H 


SA 


100 


MXD 




00 


1 




.28 


71 


64 


14.5 


0.35 


117 


itfifc094 


I 


SA 


100 


MXD 






i 




.3ft 


67 


61 


0.3 


n no 


435 




J 


AA 


60 


MXD 


100 


1 


2.27 


69 


62 


16.5 


0.17 


117 


SA 


40 


HJS0O4 


K 


AA 


80 


MXD 


100 


1 


2.31 


66 


60 


12.5 


0.37 


117 


iPa 


20 


mmm 


L 


AA 


100 


MXD 


70 


1 


2.25 


73 


67 


13 


0.20 


117 


HMD A 


30 




M 


AA 


100 


MXD 


30 


1 


2.24 


71 


68 


13.5 


0.32 


117 


HMD A 


70 


msmi 


N 


AA 


100 


MXD 


60 


1 


2.19 


73 


70 


17 


0.29 


117 


CLM 


40 




0 


AA 


100 


MXD 


35 


1 


2.15 


78 


73 


19.5 


0.27 


117 


CLM 


65 




P 

Si 


AA 


100 


MXD 


55 


1 


2.34 


67 


66 


11.5 


0.33 


117 


PXD 
!1. J* 


46" 



[006 7] 



HKDA:'v*tM^l/>$>r^>x CLM: e-ArD7^^^ PXD: p-^r*> l ) V >iST< > 

* * [*2] 















m 








MB 




U> 
(ram) 


mm 


&m 
im) 




Co 
(ppm) 


mm 


(ieq/fer) 




H1B091 


i A 


Na^PQz - HzO 


50 


CH3COOK& 


10 


CoCOOC-CBah^O 


500 


H-OPA 


90 


0.19 


IOIS«ll 

mmmz 


B 

c 


NaJfePOs - HjO 


100 


CH3COON& 


5 


CoCOOC-CTlfcs^ 


800 


OPA 


90 


0.24 




D 


KaJfePfc - H*0 


300 


CHsCOOKa 


77 


Co(00C-CH3) 2 -440 
* 


500 

25 


H-OPA 
SCA 


50 
90 


0 

22.83 




E 


HalfcPOj 


400 






m 


500 






1.52 




F 


NaJtP02 - HO 


200 


! NaOH 


52 


0 


90 


OPA 


90 


4.23 




G 


SalfePOz • HjO 


420 


CHjCOONa 


53 


CoCOOC-CtHjsJj 


500 


H-OPA 


60 


1.60 


2H6092 


H 


H3P0, 


50 


C%C00Li-2%0 


7 


* 


800 


OPA 


90 


! 0.12 




I 


IfePfc 


150 


ROB 


40 


• 


35 


THA 


90 


8.15 


H%^3 


J 






C%C0dNa 


20 


Co( 00C -Ct^b^ 


150 


SCA 


90 


0 


mem 


K 


(cuuj 


30 






m 


1000 


tt-OPA 


90 


0.06 


3SJ60O5 


L 


H3P0, 


60 


CHaCOOU-ZHgO 


5 


Co(00C-CflH 1B ) 2 


500 


SCA 


60 


0.23 


SOW96 


M 


Ha^POj * H2O 


30 


CHjCOONa 


8 




500 


OPA 


120 


0.11 


3H6097 


N 


HaHaPOt -HaO 


60 




20 


Co(00C-Ci T fe)« 
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